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(54) m-V COMPD. SEMICONDUCTOR, MANUFACTURE THEREOF AND SEMICONDUCTOR 
ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a III-V compd. 
semiconductor with a thin film having an embedded 
structure, III-V compd. semiconductor, and III-V compd. 
semiconductor light-emitting element. 
SOLUTION: This III-V compd. semiconductor has a 
pattern 2 made of a material different from first and 
second III-V compd. semiconductors on a layer of the 
first III-V compd. semiconductor 1 shown by 
InuGavAlwN (0<u, v, w<1, u+v+w=1) and a layer 2 of the 
second III-V compd. semiconductor shown by 
InxGayAlzN (0<x, y. z<1, x+y+z=1) on the first III-V 
compd. semiconductor and the pattern 2 which is a line 
pattern of 1.0 „m wide or less, approximately parallel to 
the (1-100) orientation of the first III-V compd. 
semiconductor and made of the III-V compd. 
semiconductor. 
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at*«M<D*a*ik«Lfc»*. y-«-c 

[0 0 13] *§&mzmi*Z^ttfV£ZflL3;l5}&kL 20 
Tl*. (ISTF. MOVPE^<t!Bt 

Zktf$>&o ) * ^8xt^+y-j£ (&T\ MBE 
SSirE-r^t/i^feio ) . /vf K^-f KftttfitftSs CJ5JL 

£ Q z<z>*-tMi. movpe;^, *BW=3bfcy*i- 
[ooi4] f ifl)3-5Sib^fi*^b^ 

^BfCOLNTli. -flS^G avA I wN (5*** 0^v^ 
1 . 0^w< 1 % v+w=1) -C«**l4 3-5flHb* 

l^-Cli. -JSiCGayA I zN (5* + , O^y < 1 . OS 
2^1. y + z = 1 ) -C«**L*3-5jleftft**»* 

[0 0 15] *fc. *«B^l:fcUT, 3-5«Mb*ft* 

G a A s % Si. SiC, NGO (NdGa03) . X 
tf*;U (MgAl204) . GaNfML>bWo t^Cl 

*Ll* 0 S i C, Si, GaAs$(OilttSei 40 

*fc*>. aimM^n-fexamBfl:. »To>ik»«i*© 
fcjawcfci^T* iSSt5±(c5Ft>icz no. sic, g 

a Nk A I N. G a A I N (DMm^itzlt^tl £><£>8lgM 
Ll>o 

[0 0 16] «1(D3-5llJMb*1**»{*J&>&tt*B(D 

»ia>3-5*ft***#*tt»Bft 50 



y. ll2a>3-6llEfl:«tt¥*it£:4»ll««#»a^6« 

BSE. ja*»Hft-e*S£3S:*tHOt<0^fc*ili»ffllz 
ffli^ct s i 02. Si Nx, 

3-5Wb*«*»<*3^6a:*B<D±fcaD|-r**ai: 
[0 0 17] KVX^lCfflLN^WC^oTIi, 7X^7 
ICS <£D fttm* 6 ft * X * £»B IT £ d ir^Wt L 

li. S i 02. Si Nxft£*UP(f &*t*o' 

[0 0 18] :MMa3-5lE<b**MNMXT 
ICOl>Ti¥fflfC^0J-r^, o *JMIia>3-5te<b*tt¥» 
tfcflWi* — flS^C I nuGavA I wN (S*. O^u^ 

1. OSvSK 0£w£l« u+v+w=1) 7?^* 
*t*Kl(D3-5»^»*»(*A^ft*Ba)±lz. 

Ea)«ia)3-5»b***an»^4«tty. &sso>m 

20 3-5|feftft«¥«f|:&«ill«r«*t»^6ft«/^ 
««ia)3-5«ft***SH*i:«t/<* — 
><D±|Z« —jga I nxGayA I zN (jfc** O^x ^ 
1. 0£y£l* O^z^K x+y+z=1) T'^^ 
ti^m 2 <D 3 - 5 »Mb^«*»f*fr b 44i«ft4 3 
-5jWb*«l*»***l=*5L^T. 

3 - 5lkfl:*4b¥**a> [1-100] ^isiizffiia^ 
>/<*->-efc« 3 - 5»b***W(*±iz»« 
Ztitz^kZttmtTtZo 

[0019] mi*Micfi. tl^vx^ t LtlftiXfc 
»«B»h5>^x*a)j|{*M*jfttB3ic«-r 0 * 

fc. K^^b^^ 3-5 mit&ty^mmt. »3-5s 

fc». ttAjSS^^-etiARBtittASB^-ett^rA 

**Wfcj3ft*a«>a^fliJtiCcfcyT*BA^6a)* 
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(mi <n~?7.0 2- 1 t%Z(D-77.^ 2-2) £ff2i£L 

[0 0 2 0] WSEftlZcfcoT. |£ffieaa>/J>*^»»A< 
1T'7X{7 S*lftfrofc»#t«d «k 5 I- 2 El | 

*tt«tH»r*-i:f-J:y. 2[s]gtf>|fJ!E^B-CliB 

»1©3-5ilft*HB*»t*ttilltty. ^20)3-5 
JMb***MM*i: t, JMC«*t»3^ & - >*< 2 -3 
J2Lt«>B*&fty. *1fl>3-5lMb**¥»f**&«P 
*BJcSil3Ei:»iai35^ajBLr^fct#lc. S103- 
5 Bs<b*tt¥3M** b ft 2 ol^t^Bfr b ft 

— >a)»IBf=* y RKMft < »b*iTi** zttftt 

[002 1] 1KL^Mttfta)BE1b«tt¥«(|:«*«f=«!) 

ffili. 4//mJaJLT1 OOAfel±"Cfc^Ci:A<»*L<. 
«fcy»*L<l*3//mJtflT2 0 0A)U±-Cfc-B. 

0. 1 /imJ2Lb6 /imJSTFJ&<#£L< . «fcU» 
*L<(*0. 2 jumja±4 jUmfelTtfc^o - 5 Lit* 

[0 0 2 2] Sfefz, **ffl(0*.»«:*^<Z)SiJa)«^:L 

MIh7>vX^ (FET) ^Hsiz^-To Sffi4± 
IZ, S i 02(7) [1-100] *[a]CDX h^-f ^S7X 
ItJls K-^G a N<DS«;*fCj:oTtti6a^«jt* 

n'iSttl 6. n + §!J=l>*? KB 

is («**ffH) 6±i::»«-r* 0 y-h«m*ias-r 

»b*-fr. «T-jfefr^*>*;b (££B<tTifeB(ci*£ 



[0 0 2 3] Si:, F ET£ffijtt2^£fc#CD;&S0)B 

»3b<fty. TiRfili 3 x 1 016 cm-3OTt^^ 

10 ci*t»*LL^. n-lSttl («***tB) 6CDBJ5 

i*. *a)+-vUTaiffircj6i:TiS^ft«SH^fey. 

»*LL^^UT»fta)«BI4. 5x 1 016 cm-3&± 
3 x 1 0^8 cm-3 JsTF-efc&o 

[0 0 2 4] n + M=3>^^7 hB7 0^r^U7 P iBSl4. 

*i**b-c*^**<*i\, im^utmi*. »*l< 

I* 1 x 1 0 17 c m-3 £JLt 1 x 1 0 21 c m" 3 klT^fe y . 
«fcy»£L<l£l x 1 0l 8 cm"3ja± 1 x 1 020 c m"3 

20 mT-efc£o 

[0025] v-xMt Ku-f >«8if±* s?* 

V*«a*t»i LTf*. A K In. Au. TiAu, 
TiAL C rAu»SffllZfflU4ZtA<t#4. V 

£ 0 nSG a NCWtfiv a ^ It 
I*. Pt, Pd, Ti, C r »*»3Bf^ffl^4ZtA<t? 

[0026] ^Moo^wttiRT-floaa)*!^ L 

30 T\ B 6 ICStSlT »1S h 7 > VX^ (HEMT) 

x 2 Ba>ax>&^AfticA y , i£ffiffiffia>/]x*i^ > k 

~ ^ (ig&fii) G a Ni^ML, Z(D±[CHEMTlZ 
^(D^fPS^H 4 % n + Ia>^^hg7, V 

ZBtiL-fZo "^nft^SSD 1 4f*. ;>K-^GaN 
(DJtfZS i h-?n"SA I G a NB 1 3£*Kt4: 

£B^^P«**ffil3ar4i:«Stt3&^3IE*Lft< fty. 

*x^o -rftt)*). y-hSEfc^y. v-x • KL^-r > 

[0 0 2 7] -fiftlCHEMTfitig-ei*. m^^^-V> 

blc % *^0^r*(i^*(7)HEMTfil3tiz < bb-<r. TifeB 
fzaafta^*** c t ic j: y ^b^^b^* 



(7) 



1-1 35770 



[0 0 2 8] H EMT£K^$1±&fctt<D#JiCDjgl5* 
*'J7»SI4 3 x 1 0^6 cm-3|^TT^^Ci:^L 

I*. 

[0029] n'lAIGaNll 3 (DMBHt. *<D* 
■ iMSifn-SA I GaNgl 3<Z)JSJ5l*. 

»*LL^^uraa©«Bi*, 5x10" 

cm-3 J^L±3 X 1 0 18 cm-3^T-Cft?)p gn'lA I 
G a Njf1 3CDA I N?miilt<D#£Ll>©HI£. 0. 0 
IJSLbO. 5lslT-efc*o »A I NHlfctfO. OU 

y**i*fc, K^^iiso2^5cm : i L ^rx7!)<^t)tir. 

*fco. 5J:tj^*.Lv£:|tAaiCtffiTL« jEftttH 
[0030] n + m^>*<7 hS7C0^V'JTilS(i. 

lilxlO 17 cm" 3 ^±1 x 1 021 cm-3 ISlTTf&y. 
*y#*L<!*1 x 1 018 C m-3ja-t 1 x 1 O 20 cm" 3 

[003 1] V-^MtKU-f>Mlt, 
tat*fcli^tA<»SL^ 9 nlGaNf:»t4t-5 
y£WStttt& LTf±. AL In. Au. TiAu, 
T i A I , C r A u**»aafZffll\«Z^3b<T?#*o ^ 

£ c nflG a Nl:»t4*>3 V h*-M*t»fc It 

fi. Pt, Pd, Ti, C r *£W«lzfflL**z£j&<-c 
[0032] ;*{z. *«no)¥*#3R?a)]Ha>ffl&L 

T. [U3{C7F-rffm^^ h7>V^^ (S I T) (COIN 

(TJftH) ItWSi K— :7n + SJG a NH(D-LfC. 
T i A u [1-1 0 0] ^[SjCDX h^^ZfftO) 

3 - 1 -efc^y > K-?G a NiSlSfiLt, 110)7 

[1-1 0 0] ^fS](DX h^-f ^«CDSl2a)7X^ 2- 
Z&f&OCt&o m 2 077^ CD&gli. g1(D7^«t 
¥JlS]-f*i&<J:5fz-f £ G Z(D±|cSfS2a>?fj£gJB3- 
2-e&^y>K-^GaN^^iafiLr. m2C0VX<7 

fc^Si K~"^n + iGaNgJMt^)o n + U=l>£ 

*hB7 0LtlzT i Aufr&fc*««£»ja-r*o fcfc 



[0 0 3 3] C0)1liaT?tt*«l*. ±fr& (*fcl*T* 
JfelcBfflLfcFET, HEMTiWi, h® 

0-7 t^<? 2-2-e$)^>p t ) 

»<&ff*££<b$-feK W^jfefi^-vv*^ (P»y-&5 
y-hfl>ffi£Ji£fflZ»a>|ll|fl!>»#) 12 0»iia^ 

<bu n3(L(D*Z' - *yo>Mmtf-T*£Z>o ? 
10 -hmmiccfcy. v— x ■ Ku-r>m©«a3&<sEn* 

*U -T/WXI43ttT«lffc*-J-*. *«titlCfct>T. * 

a*»«KSf^jjEt"4ciA<tf#-6 0 HI3(7)S I TCD 
«-cr** m^o^fjSggiii. 2[U<7)i?i«g]g(7)J5*^«i 

[0 0 3 4] S I T£I&fE£l±&*:tf>CD#JStf>Jf 

fey. ^-hm«* h^-r ^or B iPi^^<^^icfi£ 

— KlfilX h^-f ^0)HPi(4. 0. 1 ^mJU±5 //mJa 

Tt?$>y. z*iicjsi:T»*Li^^U7Siai*. 2x 
1 018 cm -3fr£ -1 x 1 015 cm -3 ^-c^^-r^o 

[0 0 3 5] *S I TIZfclNT. S i K-^n + lG a 
N»T?*«T«WB1 fc£t/n + £Jzi>$<7 hJ!7fi. 3 

<[*1 x 1 01 ? cm-3j^LJ:1 X 1 021 cm-3JilT"efc 
y. *y#*L<l*1 x 1 018 cm-3j^±1 x 1 O20 c 
m-3 WLTV&Zo 

[0036] v— ^nmt Ku-r^mai*. 

LTIi* A I . In. Au. TiAu, 
TiAk C r Au*£»aSfcm*«*C£*<-C#«. - 

40 WifiS CD (BCD ICH tl 7? 3 CD 

-C. A u % TiAu, T i A I m A<»aiC«fflT?#*o 

nlG a NCSt-5i/3 y LTlt Pt, 

[0037] .^iz. *Ma)3-5M^i¥iftM 

^Wi****^!*. -SS^ I nuGavA I wN (it*. 
O^u^K O^v^l. O^w^l. u+v+w= 
50 1) ta^^I 1 03 - 5M^Wift^b^|)l 
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y. tettom 2 o 3 - 5 mitmto*&t*t t, 

fttK/^->0±l:, -ffiS! nxGayA IzN (3* 
0£x£U OSySK O^z^l* x + y + z 
= 1) -C«S*t*Jll2a)3-5»b#tt*»i*3^6tt4 

■ 3 -sjlnb***sw«B***fcfe^r. tt 

/^-^*1<D3-5S^a*t»a) [1-10 
O] ^raf=«teWft^-<>/^ — >-ca5*3-5»Mb 
***SW*±lc»*4*tfc = t*W«t-#-*. 10 

[0038] *«wicfet^r. niss^^or. ie^s 
vx^ ltws** 2 sitt y *r*aawwf &*i 

3fC2BH0)VX*tt«t»-r*ZfcfcJ:y. 20S 

©ma*»-ci»ii*»i=tefcoTiEttw«*/h*<-r* 

(M8**TI=J3l*T. «1©3-5lWb*»*»(t:tt 20 
Hfty. *2 0)3-5jWb*»*SWti:t.*ft«3|#»^ 
— >Jb<2o£Lt<DBfr'bfty . mi 03-5 

MMbfttt¥*{*fr £ft£BKSEft*fl;^s>«K ut^ 

»l(D3-5ttfl:dtt¥«i*fr&ft*»a>ffi 
^2om±a>H^6*^/^->0)l6RfCcfcyRfira«:< 

[0 0 3 9] ^(D^S^idrLt, SBft^V* 
— K (LED) ^13 7 (C^-fo S i 02(D 

[1-100] Siai^h^'T^iTX^^s i K-^ . 

n + ^G a N0)WfltftlCj:oratoa^1(KftS2El|«y 30 
I© I n G a N$g5fc@ 16. A I G a N§I1 17, M 

.gK-?piGaNii8^sL, pyj^T-nmrn. 

:0±l:nlll9, piG a NB 1 a<D±\Z 
pt«2 0fMt4p CtfUSitOL EDTMi. ft3fe<3 

[0 0 4 0] ^C, LED £ffl]f^£l±*/c#)03 : &B0)B 

tfLTZm (H7a>«-ei*»2a)Pifift*B3-2) tf)*^ 

SSI*. »* L < I* 1 x 1 o" c m-3 Wl± 1 xl 0 21 c 
m-3jJiTt*fty, ^y»*L<I±1 x 1 Q18 cm-3)U± 50 



1 x 1 O20 cm-3 J^JLTT'&^o 

[004 1] I n G a N*5tg 1 6 <D I n 

NSftjtf*. a»i:-r*«*jfi*ici6i:r i o%^p>s 

0%<DttH"C*S-r«. *#B<D»*LlM**l*, 5A 

> Kttfr &<D*%£*4**I=I* K— fcTl/^frfrftL* 
»4t»*L^. §£ftB<D&lt. 1lt^J:l* «»(:: 

^■JTBiBMU******) ©/OK***?!*, ** 
JS0/O K*-V * ^* y < ft** 3 1-*****) 

[0 0 4 2] ataffiffiUCifi^flBSfelllZtt-r* A I G a 
N«IW17I4. I nGaNMll 6WMfKC 

n £**ftl* A I G a N #Wl»tt*<i£U<&T*#£ L l> 0 
C A I »*JtiB»lC«?rr*. A I ■ 

■ltatf:fc#tv**«. imttMKi^T. a#ft«tt«te 

*»*<Dl:i#«ftB»l±/hS<ft*o »*Ll\A I NS 
fflJtli. 1 0%ia±5 0%KlTT*fe^o 10%*y/h* 
L^i fc#ft«««tl6)E»<» 6*11:: < l^T*? * L < ft < . 

5 o % * y X # I* t ISA o d p H^fiT-r *a>-e*?£L<ft 

L> 0 *?*Ll^SBtf>Jl£l3\ 5 0A£l±1 0 0 

OAJSIT-Cfcy. ^blz»*L<l*1 00Aia±500 

A&T-e$>* 0 

[0043] p®fii£ *-<Z>±IZff2j£-f £Mg K— ^pi 

GaNii 8<7>+^yTaari, aa**— *v<?nm 

«ttS»*fc«)l=. S^ B a pM^tift^ftL>ffiHTiSt^ 
^*LN e g^-V'JTiggl*. #£L< (43 x 1 0 17 cm 

-3 ia± 3 x 1 o2° c m-3 j^T-efc y . * y #* l < i* 1 

X10'8 cm~3lU_t 1 x 1 020 cm-3jaTt$il)o 
[0044] nlGaN|:»tW-5^91«#ftt 
LTI4. AL In. A u . TiAu. T i A L Cr 
Aum&ttfm\zmi^^£tfT*$Z>o piGaNl^t 
Z>*-*V$nM#n£ LTfS. N i Au. MgAu. 
Au. Pt, ZnAu. Ca Au^S^ai^lLN^Zd: 

[0 0 4 5] **IB©«**^a)gija)«li:L-C. 
H8fc^-ru— 9 s — sr>r^— K (LD) icoi^-cifcBj-f 

*o Sffi 1 ±l- s S i 02(7) [1-10 0] ^fp]<7)X h 
7>f?l7X^iS i K-^n + ^G a NCDW^ESfCcfc 

•DT«aa**a«2EnysLTft»L-c\ 

U0=?V KB 2 3-e&*nMA I G a Nl, T»*»SK 
12 1 t'^niG a NB. Ml2 7tfcl) I n G a 
N^li^FI, ±Mi;M2 2r^plGaN 
B. IMV^V KB 2 4T^piA I Ga Nl, 
Ml 2 8 -Cti / > K-?G a NBSS«t« , ft 
fc\ I nGaN^IiT#pO)Ml2 7lt InxG 
a1-x I nyGal-y N/<U7B (dCt?. x 
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[0 0 4 6] SfcfC. gg®<D®3E2fe^B2 8<Z)-fflS£x 

<7)±IZ^jaS^frlV MgK-^pMGaNll8jS 

KSL, n+^Ga NB<D»B»#£»JSU COULd 
nf@19, P iGaNMl8O±l: P tS2 0$M 
Z<D«St«)LD-ei* % ft^OH-Dldt^T. 

IWM**»3S<Wil6*tT. * 

[0047] LD£»fls*1**fcto<D#B(DB». tttt 

£F£ L < I* 1 x 1 0 1 ? c m-3 JU± 1 x 1 0 21 c m"3 JgJLT 
T?*y. *y»*L<(*1 x 1 018 C m-3JSL±1 x 1 O 
2° cm-3 JUTT'fc^o 

[0 0 4 8] ^H^#p(DS3fel2 7(DI nNSSlt 
ft. BMi:-4-***a6«lcj6i:T1 O%^^5O%08 
St'^t^o S6*JB0)»*Ll^W*li. 5AJU±90 
AiaTrcttHTffc*- *ftlBf*..nffi^tt«|feJ:tf/* 
fc it p B?Mtt * K— fcf >^ L T t * IMtf. / < > K«Bfr 

*Llv *#B<BSSI±1 JH*i,«fcLvb<* SMSfcLTtiJ: 
L> 0 CO*** a»0>**i©IBIfl)/<»J7i<D/<> 
*v7\t* K*^ v ^* < ft* J: 9 

[0 0 4 9].MB(D±m TMitl2K ±Sfl 
**ai2 2, fe«fel/-tO)B5«a)Tap^^^ KB2 3, 

±»*7^Ki2 4lt, **itf*±Lfc»*B*7^ 

*Clii:l$lS»J6-r«o MBJI nGaN. 

#»»B*G a N. KISA I G a N fC&^l* «fc 

L> 0 KB<D»* Ll^BJll*. 500A1U1500 

oAiSlT-CfcU. #»*B0>#*LlM»*l** 2 00 A 
W±2 00 0AlSTF"Cfc*. 3fc»»B. £^KBI*. 

"CI*. m«i2K Tffi^ 5 V KB 2 3 I*, ni 

i=k— e>«ru ±»*»ai2 2, ±s*9?Kii2 
4i*. P aii-K-e>y-r«. K-e>^affi*. leu 



[0 0 5 0] m3S»^B2 81*. X^><?-<?0< b*l 

^f-^lcsit^o zcDtztb. m36»^B2 8(Dfetfi;l*. 
JE^KociA^K-C, ^vUTSIffif*. 3x 1 016 c 

[005 1] p«a**CD±Jc»fiR-r*Mg K— ^"pS 
10 GaNBl SO^'JTSSI*. 3fc#fc3j--5^m« 

#J:l\, K+t'JTMlt ^^L< 1*3 x 1 017 cm 

-3 &i± 3 x 1 020 c m-3 jjiTt'fc y . y L < I* 1 

x 1 01 8 cm-3j^± 1 x 1 020 cm-3£jLT-e&£o 
[0052] nMGa N «3j— £ V * 

LTI*. A U In. A u . TiAu. T i A U Cr 
Au**»»Cffll**;:£j&<"e#*. piGaNCSt 

5 LTI*. N i Au. MgAu. 
Au. P t 9&&mizmi*Z>ZttfV£Z> 0 
20 [0 0 5 3] *ft^<D«**T-(DgiJ<D«li: Lt, 

S i O20) [1-10 0] JjftCD* h7-<^l77 
^iSi h-^n + iG a NOHiSglZ^orll^jX^ 
*Jt*2HliySSLTf*«LT. Ktt«K4>/J*dttng 
itm^St^o C(DgftO)±f:nlA I GaN 
tnlGa N^»ySL«BLfcTfflS»B2 5 £f«B 
■T^o nlA I G a N^nlG a Nfl)#BI* % 
a>1/4«*fC«:* ( fcaf-BI»t«I»-r*. -CBJiICI 
nGaN^lI^#p83feB2 7, p^AIGaN^p 
30 BGaN*»yigL«BLfc±gPRStB2 6. VSEift* 
■ 2 > K-?G a NiSflHtSo ftfc-ta* 

SltB2 6 ^rUt/dc^"* plA I G a NirplG a N<D«- 

bi*. ^i*y**a«<Di/4asftfz3s*«fc3i-M«S" 

fflmtZo InGaNMF#FMl2 7 

I*. I nxGa1-x NMB^ I nyGal-y N/^'J^B 
(CC-C. x>y. 0^y<1) ^^SIZ^tJSLaB 

[OO 5 4] *t±ffiO)mgi[»*B2 8(D*i&» 

»tx^^>yfrj:yn»fc|»3K-r«. -OSiit 
40 a)±^^JS^:^^Tt^Mg K-*?p^G a Nfi 1 8 ^ i«« 

^L. n + ^G a NBa>»ffltt#S-^JiEL. ^<D±\Zn 
Iffil9, plGaNl180±l:»piffi2Oj 

&fiimM\zMJlL'fZ > zttfX*$Z>o ±IECD<5!ll*. 
50 ±gpjSltS. pM^>^<7 hB0)IflHc«BLf=t<7)-efc 



(10) 



4$BB*P1 1-135770 



£i>o z<d»*. ±»&stsi4pse*te-efc&#gi4 
caF. zno<pira)»»tfflL^r«3i»icj:y 

[0 0 5 5] #1^ BS*3feU— If— *»f**1*-4fc«)<D 
«B0>BV« »ttO)»*L^ttBfcBLTttwr«. n 
Hfli^^iS-r^® (B9<D«ri4£2(DPlj£ftJB3-- 
2) fl)^'J7Mlt, *»4*-Sy*tffl»tt*» 

K**«;7»SI4. »*L<I41 x 1 017 cm-3iaJL±1 10 
x 1 O 21 cm-3J2TF-Cfcy. «fcy#*L<l*1 x 1 018 
c m-3 JU± 1 x 1 020 c m -3 j^LTT-fc^o 
[0 0 5 6] ^li^#pMB2 7 0)I nNSBlt 

14. Httfc-r««*a«i=j6i:r i o%^&5o%©« 

ffl-eftffi-r-So »*B<D#*-LlM**l*. -5-Afil±-9 0 
AI2TF<0IBB-C**o S£3fcJfl4. nffl*ttttfcJ:T//£ 
fcttpSWtttt* K— e>«TLTt»J:l^ /<> KSfc* 
&0)«B**»*»*ICI4K— e>^SfT*>ft^f553&<» 
*.Ll*. JS*jgtf)i&{4. iBTftcfclMtf. «»ICLT^ 

j:t>o do*** VftaBftBona/tyTBo/t:/ k 20 

*-V^l4. »*B©/<>K***?J:y 
[OO 5 7] mSS2fe^Jf2 814. X^f>>fTO< f>*l 

««9KSBf£(t{d«iK«9KL. «Sit«B!:Ta>*3fcBffli 
# (^*SI5^) S3Mx«m*«*tK<-r*fc«>lcRi+ 

•V'-ITM!** 3 x 1 016 cm -3 MTT'fo&Zttf&H 
LI*. 

[0 0 5 8] piaH©±CMt4Mg K-?pI 
GaNllSWt'JTMli, JM*«C3j— S?**S 30 

**J:l\> S^r-V'J TSSI4. »^L< (43 x 1 o" cm 

-3 ja± 3 x i o 20 c m-3 KJiT-efc y . «k y l < 14 1 

X 1 0 1 8 c m-3 Ja± 1 x 1 O 20 c m"3 ^T"Cfe^o 
[0059] niSGaNlca-r**--5^^«a»fit 
LTI4. AL In. A u . Ti Au, T i A I , Cr 

5 LT(4. N i Au. MgAu. 
Au. Pt. ZnAu. C a A u *£JfriBlZffll*<5 Z £ 

*><-e^£ 0 40 

[0 0 6 0] 

aaua jut. *«M*s«fi«fc*^L%-c*&iz»B 
icKw-r«j&< % *«BBi4z*t&icia£**L*t,(D-er*a 
i*. Btbfli. ttK«iMovPEaic«kyt77-r7 

(000 1) m±\ZA I N/^77S$^LTG aNj 
Jffift*t!\ *0>±lzvx$r£ ITS i 02M^igj^;^X 

y 7 0nmJt«Lfr«. 7thU9Xht 
BWLfc. *CHe-Cdl/- tf 4 4 2 n m) 

*ffll>TU— tfT*B*tff<CtV l/VX hjg^/^- 
>£fl2j£Lfc 0 9 XDWPHI41. Ojumt'fe 50 



£o *tc. >o)*rRi (^>r ><DftH*ifii) 14. 

[1-10 0] 75ft (Bffift 1 ) . fe^tf [11-2 

o] (JtttflD T-fc£ 0 l/i?XM:/^->B 

iSLfcSL sty 77 WvWi (NH4HF2) fCfcys i 

hK^^S-T 4 z i izcfc y SiSftffl^Sffi^ Lfco 

[0061] r>giz±&<Dnm&m&iR£umk l. h 
fc„ £-r. »«*MovpErtftjFrt<D-y-tr^*fc*ii 

L. +t'J 7 r #Xi7>^:=-7£**l'?*l2. 5s I m 

5 s I mflWSLfctf*. BflXlDBlCcfcyB 
O 7 o°C^-eJta|»Lfco SS^SSLf: 
TMGS9 6ju^/»««Lt*ft*ff4ofc 
M3Mnn£ftihU &ffia>;U£*<4 0 0 c cic£:o 

fc^-CT^^E-TCDftjS&^fflhLfcc flcftftlBf*. 2 
7*h 1 2#. 3 0^i:tfcta)^SLfco fc£ 

l. s i mi:i4SW*a)a*<D»<a-efcy. nimiti 

KWWltl^ - k £ Tffto 

[0 0 6 2] |?j£ft«. aflf7^/^->07^> 

*fi]£Blt*filf=BML. KBMK 
f=*y«»Lfcfc::%. BIKfl 1 "CI4. 7X^;^-> 
<t^aa®rt-eSfi7?iS]*r?fc£. [1 1-20] ^fS]^ 

<7>j£ftj8ffi3&<7 6. 8nm/^ SSOl^T^c 
fft^fS]^0fi£ftSS7b<3 3. 4nm/^t'fey, 

(4. 7X^/^->i:gS$®rttIIS^)tfe^ [1 
- 1 0 0] ^fS]^<DJ5KftiSg(4. 5 6. 8nm/^ c 
WSGHM41 O 5. 8nm/»t, ±^(D*Mftil 

y. *fta»lzJl6*ifcCBBt,«»lZf|\*<ft«c:fc4< 

aftcB^ftsoicj: yft^ftNKDtta^ft^KJSc 

[0 O 6 3] 

Sfcic^y. w*ftBo)«»^/h*<rti. ?fift«H 
B*awr=»*=ta&«-e*«, ««)a^«a**-r* 

3-5*<k***»{*0)W«ft36«WBi:4:*a)-C. i$ 

w««jWfc*i*. »&*tfc3~5iwt***ant[*. g$ 

[BBOffiWttKH] 

[HI] [1 1-20] ^f^l:7^>/^->^ML 
[(a), (b) , (c) ©BlcBBMMbSsF-*-. 
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